This is the first study to evaluate in broad spatiotemporal scales the growth parameters and population structure of Rimapenaeus constrictus, a barely damaged species composing the bycatch from shrimp fishing in the Western Atlantic. The abundance and size-class frequency distribution, growth, longevity and sex ratio were evaluated from monthly samples obtained in the northern littoral of São Paulo state from Jan/1998 to Jun/2003. We measured 5,812 individuals in which the sex ratio was skewed toward females; this was more evident in size classes greater than 10 mm in CL (carapace length) (binomial test, p<0.05). We selected 16 growth cohorts of females, and 8 of males, the majority consisting of younger individual cohorts excluded from the fisheries closure period. Growth estimates resulted in a CL ∞ of 17.42 mm, a growth coefficient of 0.008 and a longevity of 579 days (1.60 year) for females, as well as a CL ∞ of 16.3 mm, a growth coefficient of 0.01 and a longevity of 425 days (1.17 year) for males. Our results provide information of incontestable relevance to our knowledge of fishing management. We therefore strongly recommend that the fisheries closure period be changed to protect this species' recruitment period and consequently its adult individuals.
INTRODUCTION
Crustacean fisheries production has been declining throughout the southeastern Brazilian Coast, mainly in the Ubatuba region, which within a 10-year period (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) has shown a 64% of reduction in biomass landings (Instituto de Pesca, São Paulo: www.pesca.sp.gov.br). Commercial fishery trawling in the Brazilian Southeastern region targets species such as Farfantepenaeus brasiliensis (Latreille, 1817) , F. paulensis (Pérez-Farfante 1967) , Litopenaeus schmitti (Burkenroad, 1938) , Xiphopenaeus kroyeri (Heller, 1862) , Artemesia longinaris Spence Bate, 1888 and Pleoticus muelleri (Spence Bate, 1888) (D'Incao et al. 2002) . In Brazilian Southeastern coast, the use of motor boats for shrimp trawling from March 1 st to May 31 st is forbidden by the Brazilian
Institute of Environment and Natural Renewable Resources (IBAMA 2016) . During this season (the fisheries closure period), fishermen are prohibited from using such gear to capture economically marketable shrimp species or to transport, stock or commercialize these animals. This measure aims to protect their regular population structure, reproduction and recruitment period (normative instruction available at: www.ibama.gov.br).
Trawling activity uses non-selective fishing gear, i.e., along with the target species, many nontarget organisms (bycatch fauna) are incidentally caught. According to Dias Neto (2011), a minority of the bycatch fauna is landed and is locally commercialized (often at very low prices), on the other hand, most is discarded back to the sea already dead due to their negligible commercial value. On average, in a trawl to obtain tropical shrimp, the captured bycatch is 3 to 15 times larger than the captured target species (FAO 2015) . The ecological impacts resulting from shrimp fishing are still poorly understood, but are known to be considerable. One of the main effects of the bycatch capture on the ecosystem is the alteration in the species composition and/or in the stock size of the bycatch species (Dias Neto 2011). Theoretically, species with no economic value (bycatch), such as Rimapenaeus constrictus (Stimpson, 1874) , are protected by the fisheries closure period as well, since the bycatch and economically important species are not being captured during this period.
Rimapenaeus constrictus exhibits a broad geographical distribution ranging from Nova Scotia (Canada) to Santa Catarina (Brazil). This species is among those most often accidentally caught during fishery activities, and due to its small size, it is not commercially exploited. However, it plays an important ecological role as part of the trophic web chain within its habitat range Kensley 1997, Costa and Fransozo 2004b) .
The biological knowledge about species and estimates of their population parameters (size class distributions, growth rates, sex ratios, etc.) are highly relevant to provide essential information about the management of fishing resources (GabAlla et al. 1990 , Bauer and Rivera Vega 1992 , Castilho et al. 2015a . With regard to shrimp growth studies, the most accepted (and consequently most utilized) methodology is the von Bertalanffy (1938) growth model, which estimates the age of an individual of a given body size according to a mathematical equation. This methodology is necessary due to the impossibility of periodic tissue tagging, since crustaceans do not have permanent skeletal structures (Hartnoll 2001 , Fonseca and D'Incao 2003 , Campos et al. 2011 , Castilho et al. 2015b .
However, only a few studies have been undertaken to guide and clarify the basic biology of the population dynamics and life history of this species. In the northern littoral of São Paulo state, Costa and Fransozo (2004a, b) studied its reproductive biology and its abundance and ecological distribution, respectively, and Hiroki et al. (2011) investigated its bathymetric distribution. In the southern littoral of São Paulo, only the study addressing its growth and lifespan carried out by Garcia et al. (2016) is available in a different region. In addition to the studies conducted on the Brazilian coast, Bauer and Lin (1994) evaluated the reproductive and recruitment periods of the congeneric species, Rimapenaeus similis (Smith, 1885) and R. constrictus, in the Gulf of Mexico.
It is important to point out that to date, no studies have been done concerning growth and longevity of R. constrictus in the Ubatuba region or on the northern coast of São Paulo state; thus, this is a pioneer study for this approach. It is therefore necessary to strengthen our biological knowledge about the bycatch by obtaining appropriate data. These findings are essential to substantiate the implementation of management and sustainable use measures for marine shrimp fishing along the Brazilian coast, especially since current knowledge is insufficient to make scientifically based decisions (Dias Neto 2011).
On the basis of this scenario, we here describe the population structure and sex ratio and estimate the growth parameters for R. constrictus across a wide temporal scale, for 5 years, in Ubatuba in the northern littoral of São Paulo state. Additionally, we tested the hypothesis that such parameters undergo alterations induced by environmental features related to the latitude and compared our results to the studies on R. constrictus available to date. For the first time, a growth analysis covers the whole bathymetric distribution of this species on the Brazilian coast, and distinct results can therefore be observed. Thus, we could determine whether the commonly referred to "latitudinal effect paradigm" proposed by Bauer (1992) and Castilho et al. (2007b) is applicable to the growth parameters of the species concerned here, as it was already reported to apply to its reproductive aspects (Costa and Fransozo 2004a) . We also verified the applicability of the current fisheries closure period to this species with regard to its functionality for the recruitment observed during the study period.
MATERIALS AND METHODS

STUDY AREA
The Ubatuba region presents an extremely indented coastline, resulting in the creation of many bays with particular environmental conditions exhibiting very irregular internal limits that are favorable to the establishment of the local fauna. It is a result of the peculiar characteristics and ecological needs of each species and the consequent development of particular marine faunas (Negreiros-Fransozo et al. 1991) .
The main oceanographic feature structuring ecosystems on the southeastern and southern Brazilian continental shelf is the presence of the South Atlantic Central Waters, a water mass characterized by low temperature and salinity (SACW: T<18º C; S<36) (Pires-Vanin 2001, Soares-Gomes and Pires-Vanin 2003) . In addition, the northern coast of São Paulo state is strongly influenced by two other water masses, each showing specific characteristics and distinct models of distribution between summer and winter: Coastal Water (AC: high temperature (>20º C) and low salinity [<36]) and Tropical Water (TW: high temperature (>20º C) and high salinity [>36]) (Castro-Filho et al. 1987) .
The SACW approaches from the continental shelf in the bottom water layers, reaching the coastal zone and causing the low water temperatures recorded during spring and early summer (minimum values of 15º C). This process creates a thermocline at depths of 10 to 15 m due to the presence of cold water in the bottom layers of the water column and warm water in the remaining layers (Castro-Filho et al. 1987 ).
BIOLOGICAL SAMPLING
Samplings were carried out monthly from Jan/1998 to Jun/2003, with a gap between January 2001 to June 2001, along the northern coast of São Paulo state in the Ubatuba region. Samples were obtained during the day using a shrimp-fishing boat outfitted with double-rig nets (mesh size: 20 mm knot-toknot in the body and 15 mm in the cod end). Trawls were extended for two kilometers for 30 minutes each, sampling a total area of 18,000 m².
Carapace length (CL) was adopted as a standard measurement in this study, corresponding to the linear distance from the post-orbital angle and the posterior margin of the carapace, which has been widely used in investigations concerning penaeid shrimps (Castilho et al. 2015a, b) . CL size frequencies were distributed in 1-mm classes to each sex, separately. Both were compared by a Kolmogorov-Smirnov two-sample test in which the null hypothesis adopted was that size distribution among sexes did not differ (Castilho et al. 2008a) . Recruitment was estimated as the percentage of the population sampled in the lower 25% of all possible size classes (males+females). Thus, for the purposes of measuring recruitment, all individuals with a CL less than 9.4 mm were considered recruits (Bauer and Rivera Vega 1992, Castilho et al. 2008a ).
SEX RATIO
Individuals were classified to sex according to the presence of a petasma (males) or a thelycum (females) (Pérez-Farfante 1988). The sex ratio was estimated as the quotient between the number of males and the total number of individuals in the monthly samples. Differences in the expected ratio of 1:1 (males:females) were tested with the binomial test (α=0.05) (Wilson and Hardy 2002, Grabowski et al. 2014 ).
GROWTH AND LONGEVITY
Growth and longevity were analyzed separately for each sex according to the von Bertalanffy (1938) growth model and using the methodology purposed by Simões et al. (2013) . Modal values were determined for each CL frequency using the software Peakfit 4.0 (Automatic Peak Fitting Detection and Fitting, Method I-Residual, no Data Smoothing) in size classes of 1.0 mm. The models were plotted on a scatter graph vs. age to verify the growth rhythm of the cohorts. Growth parameters (CL ∞ : asymptotic carapace length; k: growth coefficient (day-1); t 0 : theoretical age at size 0) were estimated using the SOLVER supplement in Microsoft Excel, which applies the . Males were more abundant in the 5 to 9 mm size classes and females, from 10 to 19 mm, with a peak abundance observed at 12 mm ( Figure 1 ). The size class distributions for males and females showed a statistically significant difference (Kolmogorov-Smirnov, d max = 0.61; p= 0.04).
SEX RATIO
Throughout the sampling period, we observed a female-biased sex ratio (binomial test, p<0.05), as they were more abundant compared to the number of males (Figure 2 ). From the size class distribution for adult individuals, it was possible to observe a male-biased sex ratio in the smaller size classes (5-9 mm). From 10 mm on, the sex ratio was exclusively female biased ( Figure 3) . 
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GROWTH AND LONGEVITY
We identified 16 female and 8 male cohorts (Figures 4 and 5 ). For males, only 2 recruitment cohorts (< 9.4mm CL) (cohorts 3 and 7) were set in the fisheries closure periods from the time of their emergence until reaching adult size. This condition is even more critical for females because only 3 recruitment cohorts (cohorts 5, 15 and 16) were set in the fisheries closure periods from their emergence until reaching adult size. Moreover, the majority of the remaining cohorts including recruitment sizes were identified in December and February (females: cohorts 2, 6 and 10; males: cohorts 1, 4 and 8 (Figures 6 and 7) . From the growth curves, longevity was estimated as 579 days (1.60 year) for females and 425 days (1.17 year) for males. Growth curves for males and females showed a significant difference through an F test (F critical = 2.688 < F calculated = 4.124; p= 0.008).
The time necessary for recruits to reach the adult size here proposed (9.4 mm CL) was estimated as 85 and 95 days for males and females, respectively.
DISCUSSION
In our study, we observed that females reached larger sizes than males, which was previously observed for the same species by Costa and Fransozo (2004a) in the Ubatuba region and by Garcia et al. (2016) in the Cananéia region, as well as in studies of other penaeoid shrimps (Semensato and Di Beneditto 2008 , Castilho et al. 2008a , b, 2015b , Grabowski et al. 2014 (Castilho et al. 2007a (Castilho et al. , 2015b , P. muelleri (Castilho et al. 2008b ) and X. kroyeri (Castilho et al. 2015a , Grabowski et al. 2014 . In this study, R. constrictus constitutes an exception to Fisher's (1930) theory and also agrees with previous studies carried out on the species Fransozo 2004a, Garcia et al. 2016 ).
Deviations from a 1:1 sex ratio can be a result of the interaction of countless factors, such as differential growth rates, migration patterns and mortality rates between the sexes (Wenner 1972). In addition, certain growth parameters (higher growth coefficient and lower asymptotic length in males) can induce female-biased sex ratios (Simões et al. 2013) . Garcia et al. (2016) female-biased sex ratios for R. constrictus, as in our study. According to the authors, the femalebiased sex ratios in higher size classes can also be a consequence of the lower longevity observed for males.
also observed
The longevity observed in wild animals is highly variable and may be equal for both sexes of certain species or even differ between them (Vogt 2012). However, it is quite common to observe penaeoid males showing a lower longevity than females, as previously described in the literature (Simões et al. 2013 , Grabowski et al. 2014 , Castilho et al. (2016) propose that the lower longevity (and consequent lower asymptotic length) of males is due to their higher metabolic rate, which leads to a cellular senescence induced by the higher investment in the growth rate (a higher k than for the females). This could also explain the tendency for males to show higher mortality rates compared to females (Gab-Alla et al. 1990 ). We therefore propose that the lower longevity of Many studies have observed that some marine crustaceans can experience differential environmental influences at latitudinal scales that can impact their life history parameters (Castilho et al. 2015a , Garcia et al. 2016 . Bauer (1992) and Castilho et al. (2007b) state that penaeoid life history aspects such as longevity and size at the onset of sexual maturity can vary according to the environmental conditions related to latitude, such as water temperature and nutrient availability. According to this "latitudinal effect paradigm", in subtropical and temperate regions, individuals tend to exhibit a slower growth rhythm and a higher longevity, likely influenced by the lower water temperatures found in these areas (Bauer 1992 and growth coefficients (females: 0.011; males: 0.017) compared to our results, suggesting that the latitudinal effect paradigm is not applicable to this species' population dynamics between these two regions.
Garcia
To comprehend this scenario, it is necessary to keep in mind that physical processes influence the biological ones (Castro-Filho et al. 1987) . Cananéia (southern littoral) and Ubatuba (northern littoral) show distinct physical features and thus have distinct biological processes. We propose, therefore, that uncountable factors related to the peculiar features of the Ubatuba region (different from Cananéia) influenced the biological processes in different ways and intensities, resulting in such exceptions to the latitudinal pattern. We propose three possible factors that can be held responsible for such a situation, which are listed below.
The first of these, typical of Ubatuba, is the water temperature, which is strongly molded by water masses such as the SACW which approaches the coastal zone during late spring and early summer, causing a decrease in bottom water temperature (<18º C) and salinity (<36) (CastroFilho et al. 1987) . According to Mantelatto and Fransozo (1999) , the approaching SACW exerts a strong influence on the water temperature close to the bottom and causes considerable changes in the local communities. The SACW-induced low water temperatures possibly influence the environmental patterns so that Ubatuba presents subtropical rather than tropical environmental features (since shrimp seem to grow more slowly, reach larger sizes, and live longer). Bauer (1992) points out that some taxa may have planktotrophic larvae, which are affected by very different pressures in the plankton (oscillations in the food supply and predators, for instance) that may influence larval success and recruitment in a variety of ways. Thus, the second factor is based on the statement by Vega-Pérez (1993) asserting that during the approaching SACW the chlorophyll values are higher due to an increase in phytoplankton production, confirming the tendency for water enrichment along the continental shelf during summer (Castro-Filho et al. 1987) . Therefore, we propose here that the amount of nutrients in the water column might also have influenced the life history parameters observed in this study. Because the SACW may provide an important source of nutrients and allow a greater larval success, it also makes sense that individuals would be able to reach greater sizes and longevities.
The third and last proposed influencing factor is the type of sediment found in this region, which was characterized by Mantelatto and Fransozo (1999) and shown to be composed mainly of very coarse, coarse, and medium sand. This type of sediment favors not only a higher retention of organic matter content (a possible food resource) but also favors this species' common burrowing behavior. Such behavior may play a fundamental role in the defense of these organisms against predators (Dall et al. 1990 ), which could also correspond to a higher longevity. According to Negreiros-Fransozo et al. (1991) , the distribution of different types of sediment is controlled by water currents. The sinuous littoral observed in Ubatuba (Ab'Sáber 1955) provides great barriers to the entry of seawater, possibly decreasing the intensity with which currents approach this region, which would stir the sediment, forcing animals to emerge and making them more susceptible to capture and predation. Castilho et al. (2015b) observed that the geographical proximity between regions could establish migratory connections between groups that are part of the same population. However, despite the latitudinal proximity between Cananéia (23ºS) and Ubatuba (25ºS), we strongly suggest that the peculiar oceanographic conditions from Ubatuba (particularly, the above-mentioned effects of the SACW) produced the factors that most likely led to the exceptions. Several studies carried out with different penaeoidean species suggest the necessity for adaptations to the fisheries closure period. Studies on P. muelleri, X. kroyeri and A. longinaris (Castilho et al. 2012 (Castilho et al. , 2015a show only 1, 11 and 2 growth curves protected in the fisheries closure seasons, from 15, 37 and 14 curves, respectively. We also observed that most of the recruitment cohorts do not arise during the months included in the closed fishery period (see figs. 5 and 6), thus strengthening this idea. Thus, it is reasonable to infer that the highest efficiency for protecting the species would be realized with an adaptation to the fisheries closure period in the months in which we can observe recruitment cohorts. Therefore, we propose here that the shrimp fishing closed season include late spring and early summer (from December to February) in addition to the already established closed months (March to May).
On the other hand, it is comprehensible that increasing the number of months covered by the fisheries closure period could induce social and economic issues (Castilho et al. 2015a) . It is important to remember that the fishery activity is an essential source of income, employment and livelihood for millions of families, which are partially or totally dependent on it. Therefore, Castilho et al. (2015a) suggest further migration studies concerning the locations of the main stocks of reproductive and recruitment individuals in different areas. These data could be crucial for determining the zones and periods of total fishery prohibition, protecting not only the economically important species, but also the bycatch taxa. Additionally, Silva et al. (2013) attest that the management effectiveness of the shrimp fishery is not only achieved by closed fishing seasons, but also by the number of fishing licenses issued, the engine size and dimensions of fishing vessels, minimum mesh sizes and other characteristics as well.
We can infer that R. constrictus completes its ontogeny in the studied region since we sampled individuals in a wide range of size classes from juveniles to adults. We strongly believe that the growth coefficient was directly related to the longevity of the individuals and that the growth parameters ran counter to the expected latitudinal effect paradigm, likely in response to the environmental conditions observed in Ubatuba. The present study provides information of undoubted relevance to the field of fishing management, since we present a basis for the establishment of sustainable capture policies. On the basis of such results, therefore, we strongly recommend that the fisheries closure period be changed to protect this species' recruitment period and, consequently, also its adult individuals. It is important to keep in mind that scientifically based knowledge is indispensable for protecting with greater efficiency the ecologically important stocks and avoiding their collapse in the near future. To achieve excellence in such activities, it is crucial to support additional studies at a wide geographical scale in order to understand the influence of latitudinal variations in the growth dynamics of this species.
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